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Introduction: 
Wastewater is any water that has been adversely affected in quality by anthropogenic influence. 

Usually, wastewater treatment involves collecting the wastewater in a central, segregated location, 

the Wastewater Treatment Plant (WWTPs) and subjecting the wastewater to various treatment 

processes. Sewage sludge is a residue generated as a result of the treatment. Wastewater is generated 

by a variety of sources, domestic and industrial and the contaminants found in wastewater are 

diverse and numerous.  They include organic material, ammonia, pathogens, metals, salt, pesticides, 

personal care products, plasticizers, pharmaceuticals, halogenated congeners, and endocrine 

disruptors, including hormones to name a few (Kolpin et al. 2002).   

Rapid urbanization and over population has led to increased generation and disposal of sewage to 

surface and groundwater (Dougherty et al. 2010). The absence of advanced treatment technologies 

and varied sewage sources has affected the level of contaminant removal in most of the WWTPs. 

These organic contaminants have adverse effects on aquatic life, animals and even humans even at 

trace levels (Lai et al. 2009). Some of the possible effects due to the environmental presence of 

these contaminants include abnormality in physiological processes and reproductive impairment and 

increased cancer risk in aquatic as well as terrestrial biota, development of antibiotic-resistant 

bacteria, and the increased toxicity of chemical mixtures due to their synergistic or antagonistic 

effects. The potential effects of most of the emerging organic contaminants on humans and aquatic 

ecosystems are still are unknown. 

Hence, there is a need for better understanding of the occurrence, behaviour and fate of organic 

contaminants during sewage treatment processes. The present paper reviews literature about the 

dynamics of some of the organic contaminants during the treatment process. 

 

Status of sewage and sludge discharge: 
Better wastewater management at the local and national levels requires an updated database. 

Nevertheless, only 55 countries have complete data available on wastewater production, treatment, 

and reuse while only 37 % wastewater related data is recent (reported from 2008 to 2012) (Sato et 

al. 2013). In India, about 62,000 Millions Litre Per Day (MLD) of sewage is generated from 35 

metropolitan cities. The existing treatment capacity utilization is just 30.46 % (18883 MLD) of 

present sewage generation. This was 51.4 % in 2010. Thus, there has been a rise of almost 21 % in 

gap between sewage generation and treatment in five years. Municipal sewage generation in Delhi is 

estimated at 3,800 MLD, with a treatment capacity of about 2693.7 MLD. A total of 35 sewage 

treatment plants (STPs) situated in 17 locations process 61 percent of wastewater generated in the 

city at varying degrees (CUPS//2015). 
 

Sewage treatment processes: 
Various processes can be used to treat wastewaters depending on the type and level of 

contamination. Most wastewater is treated in sewage treatment plants (STPs) which include 

physical, chemical and biological treatment processes.  

The technologies for treating wastewater having organic compounds fall within one of the following 

categories: 

 Non-destructive procedures – based on physical processes of adsorption, removal, stripping 

etc. 

 Biological destructive procedures – based on biological processes using activated sludge. 

mailto:asmitagupta5@gmail.com
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 Oxidative destructive processes – based on oxidative chemical processes which, in their 

turn, can fall within one of the following categories: 

o Incineration; 

o WO - "Wet Oxidation", operating in conditions of high temperature and pressure, 

with the versions: 

o Liquid oxidation: AOPs - “Advanced Oxidation Processes", operating in 

conditions of temperature and pressure and use as oxidative agents O3, H2O2 and 

even O2, catalysts and/ or UV radiations (Segneanu et al. 2013). 

The most important aerobic treatment system is the activated sludge process (Fig. 1), based on the 

maintenance and recirculation of a complex biomass composed by micro-organisms able to absorb 

and adsorb the organic matter carried in the wastewater. Other aerobic treatment technologies 

include Trickling filters, Oxidation ponds, Moving Bed Biofilm Reactors (MBBR) and Membrane 

bioreactor. 

Anaerobic wastewater treatment processes such as Upflow anaerobic sludge 

blanket (UASB), expanded granular sludge bed (EGSB) reactor) are also widely applied in the 

treatment of industrial wastewaters and biological sludge. Increasingly, for most 

wastewaters, ecological approaches using reed bed systems such as constructed wetlands are being 

used. Most common tertiary treatment technologies are micro filtration or synthetic membranes.  

 

Fate of organic contaminants during treatment: 

Pathways: 
The occurrence and concentration of various organic contaminants in effluent, sewage and sludge 

has radically increased with the increase in the production of synthetic organic chemicals for 

industrial and domestic purposes. Organic contaminants may be transformed or degraded through 

various pathways (Fig. 2) during sewage treatment that include: 

 Sorption 

 Volatilization 

 Biodegradation 

 Air stripping 

 Chemical degradation 

Some compounds are completely degraded or mineralized during treatment, some get partially 

degraded to form breakdown products while some other recalcitrant compounds are not affected by 

the treatment process and remain present in the effluent post-treatment. The synthetic organic 

contaminants present in wastewater occur either in solution or on solids. Owing to their hydrophobic 

or lipophilic nature, many organic contaminants get adsorbed onto solid particles during sewage 

treatment, thus resulting in their enrichment in sewage sludge solids at concentrations much higher 

than in the influent (Katsoyiannis et al. 2006, Rogers 1996). The potential biodegradability of 

organic residues can be gauged on the basis of some structural factors as well. For example, 

unbranched and long chained hydrocarbons biodegrade easily as compared to highly branched and 

short chained molecules. Saturated aliphatic compounds are generally less amenable to 

biodegradation than unsaturated analogues. Molecules with linked highly polar groups tend to 

undergo nucleophilic displacement reactions such as hydrolysis (Scow 1982). In one study, it was 

found that while pentachlorophenol (PCP) was associated with the sludge solids, the phenols 

showed considerable degradation (Petrasek et al. 1983). 

 

Processes: 
Several studies have been conducted to assess the efficiency of contaminant removal by various 

sewage treatment processes. During primary sedimentation of an activated sludge process, 

hydrophobic contaminants may partition onto settled primary sludge solids. Secondary treatment 

including both aerobic (activated sludge treatment) or anaerobic (sludge digestion) processes 

involve biodegradation of the bulk organic components of sewage sludge such as cellulose, proteins 

and carbohydrates during anaerobic digestion while the synthetic organic contaminants may be 

transformed or lost by various processes during the treatment. During anaerobic digestion involving 
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a two-phase process, hydrolysis of polysaccharides, proteins and fats resulting in the formation of 

mono- and disaccharides and amino acids, long chain fatty acids, and volatile acids such as formic, 

acetic and butyric acid occurs in the acid phase, followed by a reduction of the volatile acids to 

methane and carbon dioxide in the methanogenic phase (Mason 1981, Scow 1982). Byrns (2001) 

presented a generalised fate model for organic compounds in an activated sludge plant. The study 

demonstrated quantitatively dependence of the phase distribution of xenobiotic chemicals upon their 

physico-chemical properties as well as the operating conditions during wastewater treatment. It was 

shown that hydrophobic chemicals which were mostly removed through sorption to sludge particles 

and transfer to the sludge processing units while hydrophilic compounds were mostly removed into 

the final effluent by advective transport and biodegradation. The model predicted an increase in the 

total effluent concentration of complex compounds such as high molecular weight PAHs, dioxins 

and substituted phthalates with an increase in the operating solids retention time (SRT). 

 

Contaminants:  
The US Clean Water Act has defined a list of 129 specific pollutants including heavy metals and 

specific organic chemicals as “Priority Pollutants”. One the pioneering and comprehensive research 

programs’ on the occurrence and fate of these priority pollutants in wastewater and their 

accumulation in sludges was conducted by the Municipal Environmental Research Laboratory 

(MERL), US EPA. The study evaluated the fate and behaviour of 22 toxic organic compounds 

including pesticides, phenols, phthalates, and poly aromatic hydrocarbons (PAHs) in conventional 

water pollution control systems and showed 95 to 98 % removal of organic compounds from the 

aqueous phase. Many such compounds were found to have been partitioned onto the primary and 

return activated sludges. Similar results have been observed in other studies (Harrison et al. 2006, 

Gupta and Thakur 2015). Petrasek et al. (1983) observed the highest degree of enrichment in the 

primary sludge for PAHs while Bis-(Zethylhexyl) and di-n-octyl phthalate were found to be one of 

the most recalcitrant among phthalates. Even volatile chemicals, such as benzene, have been found 

to occur commonly in sewage sludges as a result of sorption onto organic substances in the sludge 

(Wild and Jones 1992). Fate of some classes of organic compounds commonly detected in sewage 

and sludge have been discussed here. 

 

Phthalates hold high environmental significance due to their huge production volumes and 

ecotoxicological potential especially in molluscs, crustaceans and amphibians causing biological 

effects even at low exposure levels in the range of ng L
−1

–μg L
−1

 (Call et al. 2001a, Oehlmann et al. 

2009). Several studies have reported the microbial degradation of phthalates under aerobic and 

anaerobic conditions (Staples et al. 1997). The steric effect of phthalates side ester chains hinders 

the binding of hydrolytic enzymes to the phthalates thus inhibiting their hydrolysis. This is one of 

the possible reasons for biodegradability difference of phthalates (Da-Wei Liang et al. 2008). Clara 

et al. (2010) analysed the occurrence of six phthalates in influent and effluent of WWTPs and found 

the presence of most of the studied compound even after treatment with bis(2-ethylbenzyl) phthalate 

(DEHP) being the most abundance. It was observed that removal of phthalate could be attributed to 

biotransformation and adsorption onto sludge which directly depended on the molecular weight and 

lipophilicity of the compound. In a similar study by Roslev et al. (2007), on the degradation of four 

different phthalate esters in an activated sludge wastewater treatment plant, the results revealed that 

almost 96 % DEHP was associated with suspended solids of wastewater and it was the least 

biodegraded among the studied phathates. 7 to 9 % of the influent phthalate esters were recovered in 

the effluent.  Alternating aerobic–anoxic conditions was found to better favour biodegradation of 

phthalate esters as compared to anoxic denitrifying and aerobic conditions. 

 

PAHs are one of the most carcinogenic, mutagenic and toxic organic contaminants and some of 

which are listed as US-EPA and EU priority pollutants (Arfsten et al. 1996). Anthropogenic 

activities, such as heat and power generation from coal production, petroleum refining and chemical 

manufacturing are the common sources of PAHs in the environment (Suess 1976). Fatone et al. 

(2011) studied the fate of polycyclic aromatic hydrocarbons (PAHs) and volatile organic 
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compounds (VOCs) in both conventional activated-sludge processes (CASP) and membrane 

bioreactors (MBRs) and observed that removal efficiencies were comparable for aromatic VOCs in 

both CASP and MBRs and were mainly caused by volatilization while removal of PAHs was found 

to be enhanced in MBRs. Zhang et al. (2012) investigated the occurrence, behaviours and fate of 18 

PAHs in a coking wastewater treatment plant in and found the presence of mostly high molecular 

weight (MW) PAHs in the raw coking wastewater, while a predominance of 3–6 ring PAHs in the 

final effluent. Phenathrene, fluoranthene and pyrene were detected in the gas samples while 

fluoranthene, pyrene, chrysene and benzo[k]fluoranthene were found to occur in sludge. Although 

there was almost 97% removal for all the PAHs, eliminations of the target compounds in liquid 

phase varied in a range of 47–92% in the biological stage. While high MW PAHs were mainly 

removed in anaerobic tank, their low weight counterparts were mostly removed in aerobic tanks. 

Low MW PAHs were removed from the liquid phase mostly due to transformation whereas; 

removal of high MW PAHs was mainly achieved by adsorption to sludge.  

 

Chlorinated congeners such as polychlorinated pesticides and polychlorinated biphenyls, are 

highly toxic and are mostly contributed by domestic and industrial sources. They have been detected 

in wastewater as well as in receiving water bodies and sediments. In WWTPs, they significantly 

degrade through reductive dehalogenation process, which is mostly biologically mediated. Although 

less studied, reductive dechlorination has been identified as a possible route for transformation of 

some specific compounds during the anaerobic digestion of sewage sludge. For example, 

Pentachlorobenzene, 1,2,4,5-Tetrachlorobenzene and 1,2,4-trichlorobenzene are the intermediates 

while I ,3,5-Trichlorobenzene and Dichlorobenzene isomers are the products formed during 

reductive dechlorination of Hexachlorobenzene. Similarly, 2,4-Dichlorophenol and 4-Chlorophenol 

are the intermediates formed during reductive dechlorination of 2,4-Dichlorophenoxy acetate to 

form Phenol as the end product (Schwartzenbach 1985). 

Recently documented are the contaminants such as the pharmaceutical diclofenac and the pesticides 

clomazone and 4-hydroxychlorothalonil (Nelson et al. 2011, Hug et al. 2014), while others like 

polychlorinated biphenyls, have long been known (Gutierrez et al. 1984). The presence of these 

chlorinated pollutants many of which are endocrine-disrupting and toxic, in the wastewater and 

surface water has raised many a concerns (Krzmarzick and Novak 2014). In most of the cases, the 

concentrations of chlorinated contaminants in effluent are much lower than those measured in the 

influent, indicating their removal any of the physical, chemical, or biological mechanisms operating 

within the treatment plant (Langford and Lester 2003). Yet, in some cases, effluent from STPs has 

been found to contribute to the presence of compounds such as triclosan and triclocarban, in the 

downstream water bodies and sediments, thus indicating their better removal strategy to safeguard 

the environmental health (Zhang et al. 2013, Gautam et al. 2014). 

 

Pharmaceutical compounds are another group of emerging pollutants that have raised 

increasing concerns over the last two decades because of their less studied environmental effects and 

growing usage and discharge into the environment mostly through metabolic excretion and 

improper disposal techniques. Guedes-Alonso et al. (2013) studied the presence of eight common 

pharmaceutical compounds and five fluoroquinolones in two wastewater treatment plants in Spain. 

Results showed that the most frequently detected compounds in the effluent were analgesics, anti-

inflamatories and lipid regulators, while most of the fluoroquinolones (considered as “priority 

pollutants” because of their potential hazardous effects on the aquatic environment) showed 

incomplete elimination. The results also suggested that the membrane bioreactor technique is the 

more efficient in removal of 

pharmaceutical compounds as compared to the activated sludge technique. Similar results have 

previously been reported in other studies as well (O¨ llers et al. 2001; Ternes TA. 1998). 

 

Conclusion 
Research has shown that many such compounds can enter the environment, disperse, and persist to a 

greater extent than was previously anticipated. Many chemical agents that were not traditionally 
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considered contaminants are now present in the environment on a global scale. Household 

chemicals, pharmaceuticals, and other consumables as well as biogenic hormones are released 

directly to the environment after passing through wastewater treatment processes (via wastewater 

treatment plants, or domestic septic systems), which often are not designed to remove them from the 

effluent. Sewage sludges are a major sink for the recalcitrant and hydrophobic contaminants in 

wastewater. Unchecked disposal of wastewater and sludge into the environment and their 

agricultural applications may expose biological systems to the ecotoxic compounds present in them, 

leading to adverse metabolic responses. 

Thus, the occurrence and persistence of organic contaminants in effluent and sludge after treatment 

and uncertainty about their fate after disposal pose adverse environmental effects. Therefore, further 

research is needed to identify the key factors that determine the occurrence and concentration of 

organic contaminants in the environment and also to know the impacts of these organic 

contaminants on the food chain and environmental health, including assessment of the long-term 

ecotoxicological effects on aquatic and terrestrial organisms. 

 

Acknowledgement: 
This paper was supported by the research grants of Jawaharlal Nehru University, New Delhi, India. 

The author (Gupta A) also thanks University Grants Commission (UGC), New Delhi, Government 

of India, for providing Research Fellowship. 

Figures: 

Pre treated 

sewage

Effluent

Reverse 

Activated 

Sludge

Primary 

Settling 

Tank 

Sludge Digester

Sludge Drying Bed

Surplus 

Activated Sludge

 
 

Fig.1 A generalized, schematic diagram of an activated sludge process 

 



BiogeochemEnvis      vol.21(2), 2015-16 
 

 

6 
 

Organic 
contaminants

Detoxification 
Destructive 

Methods

Evaporation
/Air 

Stripping

Anaerobic or 
aerobic 

biodegradation

Output in 
Aqueous 
Effluent

Adsorption onto 
primary sludge solids

Ion 
exchange 

adsorption

R
e

ca
lcitran

t
R

e
ca

lcitran
t

So
lu

b
le

 
Fig.2 Some of the possible pathways of removal or transformation of organic contaminant during 

sewage treatment 
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Toxic Effect of Hydrogen Peroxide on HeLa Cells 
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Introduction 
Most of the environmental pollutant executes their toxic effects through Reactive Oxygen Species 

(ROS) which interact with cells’ organelles specially mitochondria, disrupting their normal 

functions. ROS influences the signalling involved in cell survival and death directly or/and 

indirectly. ROS is a collection of species having oxygen one electron short of its completely filled 

valance shell. These include hydrogen peroxide (H2O2), superoxide anion radical (O2
•_

) and 

hydroxyl radical (•OH) (WOO et. al., 2013). Hydrogen peroxide is used in household activities as 

well as in medical application at a very low concentration. It also finds its use in various industries 

such as textile, paper, organic chemicals and various others. Workers in such industries may be 

exposed to this chemical through inhalation or contact with the skin. In the present study we have 

established toxicological effect of H2O2 on cervical cancer cell line Hela.  

Materials and methods 

Cell culture: HeLa cells were cultured in High glucose (HG-DMEM) Eagle’s Minimum Essential 

Medium supplemented with 10% FBS at 37° C in 5% CO2. In all experiments, cells were allowed to 

adhere and grow for 24 h in culture medium prior to treatment. 

Cell viability assay: Cells were incubated in 200 µl of media in 96-well plates at an initial cell 

density of 2.5x10
3
cells/ml. After 24 h incubation, medium was removed and re-placed by 10% FBS 

medium containing indicated H2O2. After a period time of incubation, 4µl MTT solution (5 mg/ml) 

was added and incubated in dark at 37°C for 2 hrs.  200 µl of DMSO was added in each well to 

solubilise the formazan crystals. Absorbance was measured at 570 nm with a Varian UV-visible 

Spectrophotometer. 

Assay of intracellular Reactive Oxygen Species using H2DCFDA: Hela cells with 

confluence of 70-80 % were grown in six well plates prior to the treatment with H2O2. After 

treatment cells were incubated with H2DCFDA solution in HG-DMEM in dark for 30 mins, after 

incubation cells were washed with PBS, and finally scraped out in 200 µl of PBS, fluorescence was 

measured at an excitation of 488 nm and emission of 530 nm wavelength. 

http://www.intechopen.com/books/water-treatment/waste-water-treatment-methods
mailto:*iloraghosh17@gmail.com
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ROS detection by FACS: HeLa cells with confluence of 70-80 % were grown prior to the 

treatment with H2O2. After treatment cells were incubated with H2DCFDA solution in dark for 30 

mins, after incubation cells were washed and scrapped out in PBS. The flow-cytometric analysis 

was performed on 20,000 events using BD-FACS Verse System equipped with BD FACS Suite 

Software for data analysis using excitation sources and filters appropriate for fluorescein (FITC). 

Treated and untreated cells were evaluated. The experiments were done three times using 2x10
3
 

cells. Cell debris with very low forward/side scatter was excluded from the analysis. 

Results 

Short duration exposure to H2O2 generates ROS and influences Hela cell survival: 
Hela cells were treated with various concentration of H2O2 ranging from 25 µM to 500 µM for 1 hr. 

Cell viability assay was done to check the cytotoxic effect of H2O2 exposure which showed an 

ascent in cell death by more than 50% at a concentration of 300 µM. In presence of H2O2, with 

increase in concentration an increasing proportion of cells were found to detach from the adhered 

monolayer and floated in culture supernatant. Since hydrogen peroxide is known to induce oxidative 

stress damage in Caco-2 Human Colon Cells (Subhashinee et al., 2005), next we examined 

intracellular ROS level using H2DCFDA oxidation which revealed almost 1.9 fold increase in ROS 

in HeLa cells treated with 300µM   H2O2 for 1 hr.  We also confirmed enhanced oxidative stress 

level by flow cytometric analysis that showed rightward shift indicating more oxidation of 

H2DCFDA dye. 

 

 

Figure 1:Analysis of growth impedance on treatment with H2O2for 1hr: (A): Cellular 

viability was measured using MTT assay showing decrease in cell proliferation on exposure to 

H2O2with increase in concentration (B): Fold change in intracellular oxidant production on 

treatment with 300 µMH2O2for 1hr  was detected by H2DCFDA fluorescence.(***denotes  

p<0.0001 and** p<0.001). . All data representative of mean value of (n=3) experiments with ±SE. 
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Figure 2: Fluorescence-activated cell sorting (FACS) show the effects of 300 µM H2O2 

treatment on HeLa cells for 1 hr. Histogram of HeLa cells (peak in red) treated with 300 µM 

H2O2  for 1 hr. show right shift as compared to untreated cells (peak in black). The histogram shown 

is representative of three independent experiments.  

Discussion 
The present study demonstrated that exposure of cultured HeLa cells to varying concentrations of 

hydrogen peroxide for short span induces cell death as evidenced by MTT assay. The observed 

incline in cell death might be due to increase in oxidative stress as an increase in level of ROS was 

observed on treatment of HeLa cells with H2O2. Since hydrogen peroxide diffuses directly across 

cell membrane and attack the cell signalling pathways. Enhanced ROS in cells can lead to 

modulation in signalling pathways which results in cell cycle arrest, senescence and apoptosis. 

These cellular signalling pathways can be exploited to find out the mechanisms involved in ROS 

signaling. 
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ENVIS NEWS: RESEARCH AND DEVELOPMENT 

 
Accumulation of Trace Metals by Mangrove Plants in Indian Sundarban Wetland   
This study by researchers from Department of Marine Science, University of Calcutta, point out that 

mangrove species E. agallocha can be considered as the most potential candidate for 

phytoremediation and ecological restoration as it could tolerate and highly bioaccumulate a range of 

trace metals especially Cd and Zn (2.97 and 52.2 µg g
-1

 respectively). The investigations were done 

on the potential of ten mangrove species for absorption, accumulation and partitioning of trace 

metals(loid)s in individual plant tissues (leaves, bark and root/pnuematophores) at two study sites of 

Sundarban wetland. This plant based, low cost technology for the removal of the toxic contaminants 

could be extensively used for estuarine management to protect Sundarban coastal regions for 

removal of toxic pollutants.  

(Source: Chowdhary et al. International Journal of Phytoremediation, Volume 17, Issue 9, 2015) 

 

Characterization of ambient PM2.5 at a pollution hotspot in New Delhi, India and 

inference of sources 
Comparative study done with summer and winter chemical concentrations which investigated that 

phenanthrene (Phe) (11.6) and Benzo(a)Anthracene (BaA) (54.7) associated with coal and biomass 

combustion show higher winter/summer ratio while PAHs, i.e. Benzo(ghi)Perylene (BghiPe) (6.86) 

and 2-Methyl phenthrene (2-Mphe) (2.50) associated with traffic shows lower winter/summer ratios 

for Delhi polluted sites. Organic Matter estimated from Organic Carbon was highest contributor to 

mass in summer (33.3%) and woodsmoke found as the primary contributor to PM2.5 mass in winter 

(23.3%) while traffic contributed 18.7 % in summer and 16.2% in winter in Delhi. Research was 

done at Division of Environmental Health and Risk Management, Earth and Environmental 

Sciences University of Birmingham, UK and Environmental Science Division, Central Road 

Research Institute, New Delhi.  

(Source: Pant et al. Atmospheric Environment 109 (2015) 178-189) 

 

 

Formation of methane-related authigenic carbonates in a highly dynamic 

biogeochemical system in the Krishna-Godavari Basin, Bay of Bengal 
From 11 cores recovered from K-G Basin, 173 carbonates samples investigated for their depth 

distribution, mineralogy, geochemical and stable isotopic composition by researchers from CSIR-

National Institute of Oceanography and Institute for Geology and Paleontology, Germany. 

Authigenic carbonates display like roundish or platy (micro-) nodules and tube like forms and 

ranges from 1mm to 12 cm in size. Organic matter degradation due to sulfate reduction and 

methanogenesis are liable for formation of methane derived carbonates. K–G Basin is highly 

dynamic biogeochemical system due to showing high variability of authigenic carbonate 

mineralogies and carbon isotopic compositions. 

(Source: Kocherla et al. Marine and Petroleum Geology 64 (2015) 324-333) 

 

 

 

 

 

 

 

http://www.tandfonline.com/loi/bijp20?open=17#vol_17
http://www.tandfonline.com/toc/bijp20/17/9
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Atmospheric transport of ozone between Southern and Eastern Asia  
Task Force on Hemispheric Transport of Air Pollution (TF HTAP) studied seasonal variation using 

14 models on effect of tropospheric ozone (O3) between East Asia and South Asia and validation of 

the model done over four stations in India: Pune, Udaipur, Hyderabad and Jabalpur. Comparative 

analysis between model and satellite observation ranges from 0 to 6 DU shows much higher O3 over 

the Himalayan region in three months of May (up to 3 DU), July and October (up to 6 DU). Over 

East Asia between 2000 and 2010, emission changes had a major impact on populated parts of 

South Asia.  Research was done at Indian Institute of Tropical Meteorology, Pune with support of 

European commission and Lancaster University, UK.  

(Source: Chakraborty et al. Science of the Total Environment 523 (2015) 28–39) 

 

 

Aromatic plants versus arsenic hazards in soils  
Four aromatic crops, i.e. vetiver (Vetiveria zizanioides (L.) Nash), lemon grass (Cymbopogon 

flexuosus (Nees ex Steud.) Watson), palmarosa (Cymbopogon martini (Roxb.) Watson) and 

citronella (Cymbopogon winterianus Jowitt ex Bor) were studied for phytoremediation and 

management of arsenic-contaminated soil along with economic return in the form of essential oil 

production with risk assessment at lab of CSIR-National Botanical Research Institute. Essential oil 

produced from these aromatic grasses is widely used in the perfumery, cosmetic, insect repellents, 

soaps and detergents industries.  

(Source: Pandey et al. Journal of Geochemical Exploration 157 (2015) 77–80) 


